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ponents exposed t o  the high-speed meteoroid environment i n  the v i c in i ty  

of the Earth requires information i n  two areas. F i rs t ,  there i s  required 

knowledge of the damage t o  a structure surface resul t ing from an encounter 

with a single meteoroid ( i f  not the understanding of a l l  the conplex phe- 

nomena that occur during such an m e t ) .  Then there i s  required r e l i ab le  

information regarding the  number of encounters, with meteoroids of dif-  

ferent  size, meed, and composition that can be expected t o  occur i n  a 

given time i n  &bit .  

information i n  both these areas i s  ei ther  unsatisfactory or lacking. 

work reported herein was undertakento determine the damage t o  surface 

opt ica l  properties due t o  exposure t o  impact w i t h  high-speed micron-size 

pa r t i c l e s  and thus contribute sone information i n  the first area men- 

ti oned above . 

Unfortunately, f o r  the s a t e l l i t e  lifetime estimates, 

The 

Polished aluminum surfaces were bombarded by clouds of high-sgeed 

SIC pa r t i c l e s  having an average diameter of 6 p. Fne number, size, and 

veloci ty  of the pa r t i c l e s  was either known or measured, and w i t h  the  

t o t a l  kinet ic  energy of the cloud characterizing the exposure, changes 



. 

i n  r e f l ec t iv i ty  of the exposed surfaces were measured with an infrared 

spectrometer. A good correlation of the measured r e f l ec t iv i ty  before 

1 and a f t e r  exposure was obtained with the equation 

where 

average f i n a l  pef lect ivi ty  of area after exposure t o  E 

average i n i t i a l  r e f l ec t iv i ty  of area 

average r e f l ec t iv i ty  after in f in i t e  exposure, (0.15 f o r  ta rge t  

assumed coated w i t h  p ro jec t i le  material)  

empirical constant, 0.229/joule f a l l i n g  on 

f+,, (0.97 fo r  polished 41) 

N 

1 qv; ,  t o t a l  kinet ic  energy of pa r t i c l e  cloud f a l l i n g  on 

i-1 

area f+,, joules 

I n  the  development of this  equation, it becomes c lear  that the con- 

s tant  

energy. 

formed on impact, K1 is  related t o  Ecr, the cratering energy den- 

s i ty ,  that i s  the pro jec t i le  energy required per unit  volume of the 

c ra t e r  formed i n  the target.  

K1 i s  the percentage of fresh area damaged per u n i t  impact 

With the assmption that hemispherical shaped c ra t e r s  are  
2 

Over the  range of impact energies of in te res t  here, the  r a t e  of 

surface &-ge car? be Z E E ~ E X ~  groportional t o  remaining undamaged area. 

Thus: - 
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where 

% ( E )  area damaged by exposure t o  E 

A0 area of undamaged 15/16-inch-diameter disk 

The simplest procedure f o r  re la t ing K1 and E,, is t o  consider 

the i n i t i a l  condition of an undamaged surface. Then, f o r  t he  f i r s t  h i t ,  

AD(0) = 0, and equation ( 2 )  can be written 

(2) -0 =K1% (3)  

If the c ra te r  

side can also 

volume i s  proportional t o  the pro jec t i le  energy, the l e f t  

be written (F. 
- mpyP 

(4) 

where the numerator i s  the  damaged area due t o  the first h i t ,  and the  

denominator i s  the kinet ic  energy of f i r s t  par t ic le  impingement, here i n  

ergs. From equations (3) and (4) 

or 

3rr 1 1 2  
E,, = 

For our experimental condition (with v = 8400 f t / sec)  the value P 
f o r  E,, 

target .  Table I also contains the experimental value fo r  E,, from 

obtained from equation ( 6 )  i s  given i n  tab le  I f o r  an Al 
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references 3 and 4 as determined by impacting high-speed pro jec t i les  

against Al t a rge ts  and measuring the volume of the  c ra te r  formed i n  the 

targets.  It can be seen i n  table  I that  the value for  Ecr, as deter-  

mined from equation (6), compares well w i t h  the  experimental values of 

references 3 and 4. 

necessary fo r  t h i s  calculation was obtained from only s ix  r e f l ec t iv i ty  

It should be pointed out tha t  the value fo r  5 

measurements. These r e f l ec t iv i ty  measurements were quite good, but 

further experimentation would provide a more accurate value f o r  . 5 
I n  reference 5 the fo l lowing  equation is  presented f o r  the penetra- 

t i on  of high-speed pro jec t i les  into semi-infinite targets:  

2/3 213 

2 D = 2.28 (2) (z) ( 7 )  

where 

p penetration 

D diapleter of pa r t i c l e  

P projec t i le  density 

PT t a rge t  density 
P 

v pa r t i c l e  velocity 

C speed of sound i n  ta rge t  
P 

This equation has been extensively used t o  determine the number of pene- 

t r a t ions  expected t o  occur i n  s a t e l l i t e  penetration experiments. 

t h i s  equation, E,, i s  

From 

Ecr = (q(!) 94.4 p 
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Values fo r  E,, 

t ab le  I for  comparison with the experimentally determined values. 

t ha t  equation (8) underestimates considerably the crater ing energy den- 

s i t y  as compared w i t h  the experiments and, hence, would overestimate pene- 

t r a t ions  expected t o  occur i n  A l .  

taken when t rying t o  determine meteoroid flux from s a t e l l i t e  penetra- 

t i o n  experiments, and tha t  f l u  estimates from these experiments may be 

l o w  and are  very approximate a t  best. 

micrometeoroid flux i n  the v ic in i ty  of the Earth with a calibrated 

r e f l e c t i v i t y  sensor i s  being considered. 

calculated from equation (8) a re  a lso presented i n  

Notice 

This suggests that great care must be 

The poss ib i l i ty  of measuring 



- 6 -  

Projectile 

Material Density, 
PI 

@ / C C  

sic 3.2 

wc 15.6 

Steel 7.83 

Al 2.7 

TABLE I - COMPARISON OF CALCULATED AND EXPERIMENTAL VALUES OF 

Particle velocity. 
V IT 

8400 f t /sec 

449,200 ft /sec’ 

q 9 , 2 0 0  ft /sec 

8000 ft/sec 

CRATERING ENERGY DENSITY 

1 Target  c- Al-1100 

Al-2014 

Al-75 St 

Al-2024-T3 
and 24 St 

6.26Xl.O’ 



- 7 -  

RFFERENCES 

1. Mirtich, Michael J., and Mark, Herman: AlteratLon of Surface Optical 

Presented at  F i f th  Propert ies  by High-speed Micron Size Part ic les .  

Symposium on Thermal Radiation of Solids, U. of Calif . ,  March 4-6, 

1964. 

2. Kornhauser, Maury: Prediction of Cratering by Meteoroid Impacts. 

Proceedings of AAS, Fourth Annual Meeting, Jan. 1958, pp. 33-1-33-13. 

3. Eichelberger, R. J., and Gehring, J. W.: Effects  of Meteoroid Impacts 

on Space Vehicles. BRL Report 1155, Dec. 1961. 

4. Herrqmnn, Walter, and Jones, Arfon H.: Survey of Hyperveloclty Im- 

pact  Information. M.I.T. A.S.R.L. Rep. 99-1, Sept. 1961. 

5. Summers, James L.: Investigation of High-speed Impact: Regions of 

Impact and Impact a t  Oblique Angles, NASA TN E-94, 1959. 

6. Davison, Elmer H., and Winslow, P a u l  C.: Space Debris Hazard Eval- 

uation, NASA TN D-1105, 1961. 


